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The fish community of a small rocky area near Ponta Delgada, Azores, was assessed using 
two methods: visual census and rotenone collections. The results obtained with each 
method are analysed and compared. A total of 46 species was recorded for this site. The 
visual census recorded more species than did the rotenone collections, but each method 
detected species that escaped the other. The total fish diversity was found to be similar to 
that reported in other localized studies of littoral rocky areas of the eastern Atlantic and the 
Mediterranean. Each method used revealed a different spatial structure and different 
trophic relationships of the ichthyological community. 'The visual census put in evidence 
the pelagicldemersal component, while the rotenone collections emphasized the benthic 
one. Both methods agree on the importance of the benthic primary production in the 
trophic food web. Visual census data further suggest that the relevance of the direct 
consumption of algal material by omnivores and herbivores is greater than could be 
guessed by the species diversity in this group. Strategies are discussed for combining visual 
and destructive sampling methods in order to achieve a more accurate representation of a 
given fish community. 
Jose' Mc~nuel N. Azeverlo Departamento cle Biologin, Universiclade clos Apres .  K .  M6e cle 
Dells, PT-9500 Porztn Delgacln, Apres ,  Portugal (e-mail: azeveclo@a~~inc.pt).  
INTRODUCTION 
Immediately after the advent of SCUBA diving, 
its potential for the scientific observation of the 
marine environment was realized. Researchers no 
longer needed to rely only on blind methods such 
as  trawling or the use of traps but could actually 
see their object of study in its natural 
environment. Censusing methods used for 
terrestrial organisms were quickly adapted for 
underwater use, BROCK (1954) being probably 
the first to apply them to fishes. A wide variety of 
underwater visual census techniques was quickly 
developed and has been successfully applied to 
various aspects of fish biology and ecology (see 
HARMELIN-VIVIEN et al. 1985, for a revision). 
Those techniques are, however, subject to bias 
from a variety of sources, especially when applied 
to the complex field of community ecology. 
These biases stem from subjective factors such as 
the degree to which the observer is familiar with 
the local fauna but also include a whole range of 
factors such as the recording method used, the 
geomorphology of the place, and the peculiarities 
of the technique used. Because of this, and in 
spite of the numerous publications dedicated to 
comparative methodological studies (e.g. BROCK 
1982; SALE & SHARP 1983; THRESHER & GUNN 
1986; BORTONE et  al. 1986, 1989, 1991; 
SANDERSON & SOLONSKY 1986; FOWLER 1987; 
DAVIS & ANDERSON 1989; GREENE & ALEVIZON 
1989; JOHN et al. 1990), no standard technique 
exists for the visual qualitative andlor 
quantitative assessment of fish communities. 
Diving also allowed the development of new 
capture techniques, among them the direct and 
selective capture of specimens using spears or 
Miguel, Azores (Fig. 1). The 
substrate is mostly very 
irregular rock, with some 
areas of boulders and pockets 
of sand. The algal cover is 
abundant. Depth is 
approximately uniform in all 
the area, from 3-5 m. 
Fish collections were made 
' monthly from December 1993 
to November 1995 using 
rotenone, in the form of a 5% 
Ponta Delgada harbour liquid emulsion. The sampling 
method was as follows. A 
circular area of about 100 m2 
was enclosed with a I cm 
mesh net, dropped from a 
Fig. 1. Sjlo Miguel Island and location of the study area (stippled). rigid inflatable boat at the 
surface with the help of two 
hand nets, or the less selective use of ichthyocides divers in the water. The net was 4 m high by 
such as quinaldine or rotenone. Ichthyocides in 36 m long, kept straight in the water by a string 
particular have the advantage over visual census of buoys on the top and one of lead beads on the 
in being non-subjective (but the disadvantage of bottom. The circle was closed with velcro strips 
destructiveness). attached to the lateral extremities of the net. The 
The present results were obtained during a whole netting operation generally took less than 
study whose main objective was to obtain two minutes. Immediately after the closing of the 
quantitative data about the spatial and trophic net, one diver inside the sampling area would 
structure of a fish community from a marine, open a hole in a plastic bag containing 1.5 L of 
rocky, shallow water area of the Azores (see the rotenone emulsion, previously diluted in 
AZEVEDO 1997). It was decided to combine a seawater, and proceed to spread it around, close 
visual census technique with rotenone collections. to the bottom and as uniformly as possible. After 
The present paper documents and compares the the rotenone cloud dispersed, the bottom was 
results obtained with each method. The only other carefully scanned and the fish collected with 
instance of such a mixed approach to the hand nets. A similar technique was used by 
ecological study of fish communities known to NORRlS (1985) and KULBICKI (1990), however 
the author is that of PARISH et al. (1985), although those authors used the net to enclose a small coral 
KULBICKI (1990) also discussed some of the reef and not, as in the present case. to delimit part 
methodological problems involved. A comparison of an essentially continuous area. After the 
of a visual census technique and another capture the fish were placed in buckets with 
destructive sampling technique (trawling) was seawater and transported to the laboratory, were 
made by HARMELIN-VIVIEN & FRANCOUR identification and counting took place. 
(1991). Visual census were made from September 
1994 to December 1995 on an irregular monthly 
METHODS basis. The method used was an adaptation of the 
"Visual Fast Count" of KIMMEL (1985). In the 
original method, each census takes 50 minutes, 
Work was carried out in a small (approx. divided in 5 intervals of 10 minutes each. The 
100x300 m) and shallow marine area near the diver starts to swim randomly across the area to 
Ponta Delgada harbour, in the island of Siio be sampled, identifying species and counting the 
respective number of individuals seen. In the 
present study, counts were recorded with pencil 
on sheets of polyester drafting film with a pre- 
printed species list, attached to a white acrylic 
board. In the following 10 minute intervals, the 
diver records and counts only the species not yet 
seen in that census. Preliminary essays with this 
method in the study area showed that almost all 
the species were sampled in the first 10 minutes, 
and that no species were seen in the last two or 
three intervals. Therefore, reducing the length of 
each census to 30 minutes resulted in greatly 
increased productivity without significantly 
affecting the results, either in number of species 
seen or in their relative abundances. It was also 
found that reducing the interval from 10 to 5 
minutes made the counting process easier, 
because the diver had fewer species to look after 
simultaneously. 
Abundance of each species is given as the 
number of fish counted times a coefficient related 
to the time interval when the species was seen. 
The coefficient is 1 for the first interval, 112 for 
the second, 113 for the third, and so on. 
Abundance indexes result, giving the number of 
fish seen per 5 minute interval. A total of 1 I I 
census was made in the area. The number of 
census per month ranged from 6 to 17, with an 
average of 1 1. 
For the purposes of the present paper, the 
average number of individuals and the average 
biomass was computed for each species, over all 
the rotenone collections. The same was done for 
abundance indexes from the visual census. 
Biomass estimates were obtained from the visual 
census, using a Monte Carlo approach, as follows. 
For each observed species, an "abundance 
interval" and a "weight interval" was assigned. 
The 95% confidence interval of the mean 
abundance was used as the abundance interval. 
For the species in which enough individuals (>50) 
were collected, the weight interval was calculated 
as the 95% confidence interval of the mean 
weight; for the other species the interval was 
established in a variety of ways, including 
published length-weight relationships, weighing 
of specimens in reference collections and, in a 
few cases, reports from experienced fishermen. A 
small spreadsheet macro routine picked randomly 
abundance and weight values, for each species, 
from within the given intervals. Species were 
then grouped into the spatial and trophic 
categories defined below, and the biomass of 
each category was computed. This procedure was 
repeated 2000 times. The result was a frequency 
distribution of biomass values for each category, 
from which averages were calculated. Given the 
many sources of error associated with this 
approach, biomass estimates thus obtained are 
not meant to provide more than general 
indications. 
The spatial and trophic structure of the 
community was analysed after grouping the 
species in functional categories (Table 1). Each 
species was assigned to one of the spatial 
categories defined by HARMELIN (1987): 1 - 
diurnal pelagic species. usually schooling (e.g. 
Boops boops); 2 - sedentary planktonivorous (e.g. 
Chromis lirnbata); 3 - demersal, with vertical 
movements of a few meter sand important lateral 
movements (e.g. Diplodus); 4 - nectobenthic, 
with marked substrate affinity but important 
lateral movements (e.g. Mullcrs surmuletus); 5 - 
sedentary nectobenthic species, with little vertical 
or lateral mobility (like most Labridae); 6 - 
benthic species (like most Gobiidae and 
Blenniidae). The trophic categories of Azevedo 
(1995) were adopted, with minor modifications 
on the assignment of species. Species were 
classified as herbivorous (H), omnivorous (0), 
benthic carnivorous (BC) and pelagic carnivorous 
(PC) (including planktivores and pelagic 
ichthyvorous predators). 
RESULTS 
SPECIES RICHNESS 
The list of all the species observed or collected in 
the study area is given on Table I ,  together with 
the average relative abundance of each species in 
each of the sampling methods. Both methods 
combined allowed the determination of a total of 
46 species. The perceived species richness was 
greater with the visual counts than with the 
rotenone collections (41 versus 32 species). As 
expected, cryptic species (the cave-dwelling 
Table 1 
Species composition. classification into spatial (Spl) and trophic (Tro) categories. and relative abundance of the 
ichthyological community at the study site, as revcaled by two sampling mcthods: rotenone collections and visual 
census (VFC). Values for biomass (B) and number of individuals (N) are relative (percentual) means from all the 
samples. 
Secn but not captured (14 spp.): 
Bnlistes cnroliizerzsis 
Delorie sp. 
Rotlzi~s l)o(lri.s 
Cc~r~tlligcister ro3tmtn 
Cl~elorl 1ubros~i.s 
Dnsylitis pasrirraca 
Kyl~hosus p. 
Sarpn snll~n 
Serrcri~~is nrrica~~dri 
Seriola sp. 
Sl~arisorna creterlsp 
S/~lzyrci~i~cr sp. 
S~~i~griotlrus ncus 
Trnchiizot~rs ovalus 
Captured but no1 seen ( 5  spp.): 
Secn and capturcd (27 spp.) 
A buclefd~,J'liiri(lli~ 
Atllerina presbyter 
~ ~ O O / J . Y  boo/Is 
Ceil~ro.~ riper 
Cerztrolabrils caer~llelrs 
Chror?~is liinbarn 
Coris julis 
Dil?locl~ls argus 
GoOi~ls ~ ( I ~ C ~ I ~ C I I L I S  
Labrirs hergyltci 
Macror~~r?~phosi~s sco1opn.r 
Mirllils s~rrmii1etir.s 
Mi1i-cienn helena 
OphioDlenrlius atlarzticus 
Category Rotenone 
S ~t Tro B N 
Visual 
N 
(Table 1 continued) 
Pngellus bognrnveo 1 CP 1.37 1.97 10.45 
Pngr~rs pagrus 3 CB 0.78 0.27 0.86 
Pnrnblerznirls it~cog~zit~ls 6 0 1.75 14.34 0.0 1 
Pnrnble~z~zi~~s ruber 6 0 6.59 10.90 0.48 
Pse~~clocnrnrzx cleiztex I CB 0.12 0.16 0.25 
Scorpnenn mnclererzsis 6 CB 3.75 0.59 0.03 
Scorpaerzn rtotntn 6 CB 3.63 0.27 0.0 1 
Spl~oeroicles rnartnornius 4 CB 5.33 1.35 1.44 
Synlplroclus rnecliterrnneus 5 CB 0.60 0.29 1.54 
Tl~alcrssorncr pn11o 5 C B 1.78 1.13 1.83 
T/aorogohius e/)hippiatus 6 CB 0.05 0.4 1 0.15 
Trnci~~irr~s /lict~trntus I C P 0.70 0.33 0.36 
Triptetpgion clelnisi 6 CB 6.09 35.73 1.19 
Apogon inzberbis and the nocturnal Caidropsar~~s 
g~~t ta tus)  were collected but not seen. Observers 
nevertheless failed to see species that live in the 
open but that are either small (like the gobiesocid 
Diplecogaster sp.) andlor well camouflaged 
(Cor)y7hobleiznius galerita and Hippocamplrs 
rainulorus). Most species that were seen but not 
captured were fast-moving, demersal or pelagic, 
and medium to large-sized. Among the most 
frequent were Chelon labrosus, Sarpa salpa, and 
Sl9arisonza crerense. One exception to this rule 
was the flatfish Borhus podas. This was a small 
and frequently seen species that was never 
captured, presumably because it could escape the 
net by swimming below it. 
SPATIAL DISTRIBUTION 
Fig. 2 shows the mean relative abundance of the 
most common species, as determined by each 
method. Clearly, the visual counts were biased 
towards the pelagic andlor more mobile species. 
while the rotenone collections were dominated by 
benthic species. These bias are reflected in the 
perceived spatial structure of the community, 
when species are grouped into spatial categories 
(Fig. 3). In the rotenone collections, category 6 
(benthic, sedentary species) is always dominant, 
either in species richness, number of individuals 
or total biomass. 'The visual counts show a 
different organization. The various spatial 
categories have less disparate species richness, 
although the benthic category is still the most 
diverse. It is in terms of number of individuals 
and of total biornass that the two methods differ 
the most. No category is clearly dominant, but 
three have higher mean values: category 1 
(pelagic species), predominantly the schooling 
Atherina presbyter and juveniles of Pagell~ls spp. 
and of Boops boops; category 3 (demersal), 
mainly Chelorl 1 a b r o . s ~ ~  and Diplodus sargus; 
and category 5 (nectobenthic), dominated by 
Centrolabrus cneruleus. 
The visual census, therefore, reveal a spatially 
richer ichthyofauna than that shown by the 
rotenone collections. The pelagic and demersal 
components of the community, in particular, are 
seen to have an ecological importance (in both 
numbers and biomass) that could not be deduced 
from the destructive sampling or from the species 
lists. 
Previous analysis of the Azorean littoral fish 
fauna showed that the benthic microcarnivores 
are the dominant trophic category, in terms of 
species richness (PATZNER & SANTOS 1993; 
AZEVEDO 1995). Most species, therefore, are 
dependent on the benthic primary production, 
which reaches them via the benthic invertebrates. 
A species list, however, is a poor indicator of 
ecological importance. To evaluate the relative 
dependence on a given energy pathway, 
ROTENONE VISUAL CENSUS 
Cat. 5 
................. 
from this method also show that 
the herbivores (mainly Sarpa 
salpa) and the pelagic carnivores 
(Atheritla presbjrer and juveniles 
of Pagellus spp. and of Boops 
boops) are numerically important 
and have a non-negligible 
estimated biomass. This is an 
indication that two other energetic 
pathways are important to the 
studied fish community: benthic 
primary production via direct 
consumption of algal biomass and 
pelagic (planktonic) production. 
DISCUSSION 
Cat. 3 
................. 
Cat. 1 
................. 
'The fish community perceived by 
the visual census was dominated in 
number and in biomass by mobile 
species, pelagic (category I )  and 
demersal (categories 3 and 5). On 
the other hand, the rotenone data 
show a community dominated by 
Relative abundance (?A) benthic species, with the sedentary 
Fig. 2. Mean relative abundances (%) of the more common species, for demersal (category 5, increasing in  
each of the sampling methods. Species are listed by spatial category. i n  imp0rtance in  
increasing (top to bottom) order of motility. terms. In addition, the visual 
census revealed a more diverse 
quantitative data are necessary. Preferably, community although 215 of the species were 
biomass data should be used (as in PARISH et al. invisible to one or the other methods. 
1985 or POLUN'IN & KLUMPP 1992). These contradictions and omissions are a direct 
Fig. 4 shows the distribution of the species consequence of the characteristics and the 
richness, number of individuals and fish biomass limitations of the methods used. The effect of the 
by the 4 main trophic categories, as gathered from rotenone on an individual fish varies with the 
each sampling method. The dominance of the concentration and the time that it is exposed to 
benthic carnivores in terms of number of species the product (GILDERHUS 1972). The reason for 
is confirmed by both methods. The fish closing off the sampling area with a net was to 
community sampled by the rotenone is dominated keep the fish inside it until a lethal dosage was 
in biomass also by benthic carnivores. Using only attained. It was however seen that the more 
this method, therefore, one could conclude that mobile species escaped even while the net was 
the community picture in terms of species being set. The rotenone collections therefore 
diversity translates directly into the ecological selectively collected the less mobile species or 
importance of the food web pathways. The those whose instinct made them hide instead of 
biomass evaluation based on the visual census escaping. Its excellence in sampling this group of 
data, however, shows a dominance of the food species is demonstrated by the capture of species 
web by omnivorous fish. This is mainly due to that were not recorded in the visual census and 
Diplodus sargus and Cheloti labrosus. The results would otherwise be totally missed. Two 
additional factors should be kept i n  mind when 
using quantitative rotenone data, as was done in 
this paper. The first is the direct relationship 
between water temperature and rotenone 
efficiency (GILDERHUS 1972; MEADOWS 1973; 
SAMUELSEN et al. 1988; DAWSON et al. 1991): the 
number of fish collected is expected to be larger 
in summer than in winter, even if the density 
remains the same. The effect of the rotenone also 
varies across the phylogenetic scale. Different 
tolerances to this product between families and 
even species of marine fishes have i n  fact been 
documented (WINGARD & SWANSON 1992; M. 
LOCKETT pers. comm.), but few data exist and 
there is no explanation of this effect that has 
predictive value. Relative abundance results from 
rotenone collections may, then. be compounded 
by differences in sensitivity between the species 
sampled. 
The visual census technique used in the present 
study sampled more efficiently the more visible 
species which, as a rule, are also the most mobile 
ones. Several schooling, abundant, species were 
consistently recorded with this method that were 
never captured with rotenone or were severely 
under represented. One of the more objectionable 
aspect of this technique is precisely a tendency of 
the observer to focus on moving objects. The 
relative abundance of immobile and cryptic 
species may thus be strongly under evaluated. 
The present results establish that none of the 
techniques used gives a complete description of 
the ichthyological community, not even on 
qualitative terms. It is plausible to admit that a 
complete inventory of most ichthyological 
communities can only be achieved combining a 
variety of destruct~ve and non-destructive 
sampling methods. If a quantitative description is 
necessary, several additional requirements must 
be met. Several visual census techniques produce 
absolute estimates of density (see revision in 
HARMELIN-VIVIEN et a]. 1985; the distance 
sampling methods developed by BUCKLAND et al. 
1993 are very promising i n  this context). It is 
even possible to accurately estimate the length of 
the fishes and, from it, their weight (as was done 
by, e.g., BELL et al. 1985, BELLWOOD & ALCALA 
1988, JOHN et al. 1990, BORTONE et al. 1992 or 
MILLE & VAN TASSELL 1994). Given the multiple 
spatial niches occupied by fishes, the best 
strategy probably involves the simultaneous use 
of several such methods, each directed to a given 
species or group of species. The choice of the 
methods should be preceded by preliminary work 
to determine its relative efficiency in each case. 
The best visual estimates for each species could 
eventually be combined with quantitative 
destructive collections to provide an integrated 
view of the community. 
The species richness recorded in the present 
study (S=46) is equal to that given by SANTOS 
(1992) for another Azorean site, the Monte da 
Guia, Faial Island, although the species are not 
all the same. This diversity is low if compared 
with similar studies in coral reefs: 143 species in 
the Great Barrier Reef (SALE & DOUGLAS 1984); 
158 in Hawaii (NORRE 1985); 280 species in 
Moorea, French Polynesia (GALZIN & LEGENDRE 
1987). Contrary to expectations based on total 
faunistic richness, however, the Azorean sites 
show a species diversity similar to that of other 
temperate rocky coast communities of the 
Atlantic and the Mediterranean: HARMELIN 
( 1  987) recorded 47 species in Port-Cros, Corse; 
GARCIA-RUBIES & ZABALA (1 990) observed 5 1 
species in the island of Medes, Spain and 
BORTONE et al. (1991) listed 47 species in the 
island of El Hierro, Canaries. This apparent 
contradiction may be explained by taking into 
account the scale factor. Faunal lists are compiled 
over a coastline of hundreds of kilometers and a 
depth of several hundreds of meters, 
encompassing necessarily different kinds of 
habitat. They will therefore contain many more 
species than those that can be found in any single 
location. Nevertheless, insular biogeography 
theory (MACARTHUR & WILSON 1967) predicts 
that even when sampling area size is the same, 
the Azores sites should still have a lower species 
diversity than the above mentioned ones. Further 
comparative work is needed before this 
discrepancy can be solved. 
The perceived spatial distribution of the fish 
community is different according to the sampling 
method used, the visual census emphasizing the 
importance of the pelagic/demersal species, the 
rotenone collections that of the benthic one. 
Better methods have therefore to be developed, 
ROTENONE VISUAL CENSUS 
1 2 3 4 5 6  1 2 3 4 5 6  
Spatial categories 
Fig. 3. Community structure: species richness. S (A), abundance (B) and biomass (C) of each spatial category, as 
given by the rotenone samples (left) and the visual census (right). Graphs show average ? 95% confidence interval. 
except for visual census biomass estimates, which show median k 5/95 percentils. 
ROTENONE 
Trophic categories 
VISUAL CENSUS 
Fig. 4. Community structure: species richness, S (A). abundance (B) and biomass (C) of each trophic category. as 
given by the rotenone samples (left) and the visual census (right). Conventions as in Fig. 3. 
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along the lines discussed above, so that a more obtained when geomorphologically and 
accurate description of the spatial structure of the hydrodynamically distinct sites were compared 
Azorean littoral fish community can be attained. by HARMELIN (1987) in Corse and by BORTONE 
Attention should be given to the fact that spatial et al. (1991) in the Canaries. 
categories are likely to have different weight Little work has been done on the subject of 
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express the relative importance of trophic 
categories in terms of species richness. This is the 
current state of the knowledge in the Azores, as 
reported by PATZNER & SANTOS (1993) and 
AZEVEDO (1995). These authors note that most 
species feed on benthic invertebrates. The 
quantitative estimates obtained in the present 
study using the rotenone collections also show the 
benthic carnivores as dominant in terms of 
biomass and hence of ecological importance. 
Nevertheless, with all their associated bias, the 
visual census data suggest that, in this particular 
site, algal biomass is also an important energy 
pathway in the fish community. Overall, it is the 
benthic primary production that emerges as the 
main energy source of the studied community. 
Further work is needed to confirm these results 
and to verify its applicability on different 
geomorphological and depth settings. 
The clarification and quantification of the fish 
trophic web has important applied aspects, as 
illustrated by the work of POLUNIN & KLUMPP 
(1 992).These authors developed a trophody namic 
model applied to an intensively studied area, the 
Davies Reef on the Great Barrier Reef, Australia. 
In the model the trophic chains that link the 
benthic and planktonic primary productions to the 
fish community were delineated. Data from many 
sources were then used to estimate the energetic 
input and the efficiency of transmission along the 
food chains. The  resulting model was finally used 
to generate data relevant for fisheries 
management. This integrated approach could also 
be useful in the context of the littoral fisheries of 
the Azores which are, as in tropical areas, mainly 
pluriespecific. 
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